and output formats, and advantages and limitations in use. See Laughlin for further docuThis paper presents the capabilities and limmentation of DHLLP. itations of a microcomputer linear programming package. The solution algorithm is a version of TE P A THE PRIOGHRAM the revised simplex. Rapid problem entry, user ease of operation, sensitivity analyses on objecThe DHLLP package is available for the IBMtive function and right hand sides are advan-PC. It requires at least 128K of random access tages. A problem size of 150 activities and 64 memory (RAM) and one disk drive. The program constraints can be solved in present form. Due is divided into three major sections-(1) a to problem size, limitations and lack of paraproblem setup module, (2) a solution algorithm metric and integer programming routines, this module, and (3) a MPS/FMPS data file transfer package is thought to have the most value in module. All modules are compiled BASIC proteaching applications and research problems in grams linked by a controlling menu which calls the appropriate functional module upon the the smaller size categories.
series of similar problems in a relatively short least cost proportions while meeting some ratime and permanently store each one.
tion nutrient content constraints. The solution algorithm for DHLLP is a version Table 1 gives the sample problem coefficients of the revised simplex algorithm (Phillips, et and is an example of the tableau printed by the al.). Only the inverse of the current basis matrix setup program. The program will accommodate is maintained in RAM. All other problem inforeither an 80 or 132-column printer. The probmation is maintained on disk and retrieved as lem conftains 13 alternative ingredients (measneeded. Other features of the solution algorithm ured in hundredweights), each having a cost include a rounding error control mechanism (objective function coefficient) and containing and an anti-cycling device defined by Hadley a coefficient for constraints on dry matter (DM), which systematically breaks ties between outcrude protein (CP), digestible energy going rows. In addition to the rows and columns (D.E.MIN), calcium (CAL.MAX), phosphorous section for the optimal solution, the program (PHOS.) and fiber (FIBER). The remaining concontains as optional features an iteration log straints were used to restrict ingredients; moand sensitivity on the objective function and lasses to some minimum amount (MOL.MIN), right hand side.
rice bran to a maximum amount (R.B.MAX), A third module of the DHLLP program proand trace mineral salt (TM SALT), vitamins A & vides the user with the added flexibility of D (VIT.AD), wheat mids (WHT.MDS.), and dyna developing the initial tableau using the setup (DYNA) to specified contrations per unit of the portion of this package then having the problem ration. the LOW and HIGH RANGE will render the the final solution status, and the value of the optimal solution (basis) unchanged. A block of objective function for the optimal basis. Rows asterisks implies infinity. For non-basic activisection output includes row numbers as given ties, the MAX VALUE is interpreted as the maxby the program, row names as assigned by the imum value an objective function coefficient user, the initial level for each constraint, i.e., could take and maintain the activity in the basis. the original RHS value, the amount of each
In the case of a maximization problem, this resource used in the optimal solution (ACTUAL changes to MIN VALUE. LEVEL), the disposal quantities (SLACK Table 5 illustrates a right-hand-side sensitivity AMOUNT), and the final value of the net evalanalysis for the example problem. Contents of uation row corresponding to each row's disposal this output differ from the original rows output activity (SHADOW PRICE). Asterisks (*) beside by the addition of a RANGE. A standard range the row name indicate disposal activities which of feasibility interpretation applies. Original remain as basic variables. An "AO" will be right-hand-side levels between the LOW and printed beside names of alternate optima vec-HIGH RANGE will render elements of the optors .
timal basis unchanged. Levels of individual acThe columns section is composed of column tivities may change but the elements themselves number and name, an indicator of whether each will not. Again, a block of asterisks indicates activity is in the optimal basis (*** in the INBASIS infinity.
column), the original objective function value Output from the MPS/FMPS data file prepa-(COST VALUE), the optimal basis level of each ration module is not shown. This output is given activity (BASIS LEVEL), and the net evaluation by the program as a sequential file written to element for each activity (SHADOW PRICE). An the microcomputer diskette. The resulting file "AO" will replace the *** in the INBASIS column can be telecommunicated to a mainframe quite if an activity is an alternate optima.
easily from this status by standard telecomUpon inspection of the optimal solution outmunication software. put, the user may choose to perform an objective function or right hand side sensitivity analysis, Table 4 . Contents of this output differ from the original column output by the addition The discussion thus far and the sample probof RANGE and MAX VALUE. For activities in the lem have outlined and illustrated the capabiloptimal basis, an objective function value within ities of the DHLLP package. Test users at several problem can be entered in a relatively few minutes and the problem is solved by DHLLP tial tableau printing. Added features often dein less than 40 seconds. Solution time is directly sired and provided by mainframe packages related to problem size in this and most other include parametric programming and integer microcomputer packages. A model of a poultry programming. Omission of easy to use paraprocessing plant with 77 activities and 57 conmetric routines and integer handling routines straints required about 22 minutes to solve usis a disadvantage of the DHLLP package. A crude ing this microcomputer package. Mainframe parametric analysis could be set up, however, computers will solve these and much larger by saving a series of similar problems and solvproblems in only a few seconds. However, for ing each, i.e., returning to the basic principle problems within the size limits of this package, of parametric programming. it is quite possible that the total problem entry, revision and solution time will be less using CONCLUSIONS the microcomputer than the mainframe. This is especially true for the inexperienced and ocLinear programming for microcomputers will casional user, for smaller problems like those not replace large scale computer LP packages used in classroom teaching, and even many of but may very well complement them to a point the problems analyzed in much of our agriculwhere only very large problems must be anatural economics research. lyzed on the mainframe. A linear programming Problem size bounds of 150 activities and 64 package for microcomputers can provide inconstraints is an obvious limitation of this packdividuals who do not have access to a mainframe age. This limitation is imposed primarily as a computer but can access a microcomputer, the result of the limits of RAM addressibility by the opportunity to use this technique. Further, the current versions of BASIC (the language in which ease of operation of this package provides rapid this program is coded). This limitation could problem entry and solution for both the exbe lessened by using disk storage for "scratch" perienced and inexperienced LP user. Limitaspace but processing speeds would likely betions of this package include problem size come a significant disadvantage for larger probrestrictions and a lack of parametric, integer lems. As RAM addressibility by BASIC becomes and mixed integer programming capability. Adlarger or if an alternative language was used, vantages of this package include its ease of and microprocessors are able to handle more operation, ability to solve many application and information in shorter amounts of time, probteaching problems, the availability of sensitivity lem size limitations for microcomputers will analysis, and the ability to transform problems be relaxed.
from microcomputer format to mainframe forThe DHLLP package provides the basic opmat. This package has been used in several timal solution output, sensitivity analysis on the locations and has proven to be a valuable teachobjective function and right hand side, and iniing, research, and problem-solving tool.
